ABSTRACT
Introduction
Li-ion batteries have the highest energy density among rechargeable batteries currently on the market. For further advances in energy density, researchers around the world have investigated novel electrode materials. The layered rocksalt-type LiCoO 2 , which is used as a cathode material for commercially available Li-ion batteries, has an acceptable capacity of 140 mAh g ¹1 at 3.9 V. However, several safety issues must be addressed before large-scale Li-ion batteries can be considered suitable as reliable power sources. A safety issue for Li-ion batteries is that Li x CoO 2 (x < 0.5) in the charged state easily releases oxygen gas at temperatures above ca. 150°C. The released oxygen gas then reacts exothermally with organic electrolytes in the cell. [1] [2] [3] Therefore, to prevent oxygen release from the oxide cathode, the occurrence of anomalous high valence states such as Co 4+ or Ni 4+ during the charging process must be avoided. In addition, a strong ionic bond between the transition metal and oxygen is desirable in order to fix the oxygen atoms in the matrix during the charge/discharge cycle. In line with these goals, we have focused on disordered rocksalt-type Li 2 MTiO 4 (LiM 0.5 Ti 0.5 O 2 ) with stable divalent metal ions (M = Ni 2+ , Co 2+ , and Mn 2+ ) and tetravalent transition metal ions (Ti 4+ ). The disordered rocksalt structure has a three-dimensional rigid framework without weak van der Waals gaps, and all oxygen atoms are shared among six MO 6 octahedra. Therefore, it is expected that the oxygen atoms in the disordered rocksalt matrix are not readily released in the fully charged state. Moreover, these compounds have attracted attention due to their large theoretical capacity (over 290 mAh g ¹1 in the case of the two-electron reaction). However, the reported rechargeable capacities of Li 2 The Electrochemical Society of Japan http://dx.doi.org/10.5796/electrochemistry.84.597 30 mg, 10 mm diameter). The electrochemical performance of the obtained electrodes was evaluated using 2032 coin-type cells with 1 M LiPF 6 /ethylene carbonate (EC):dimethyl carbonate (DMC) = 1:1 v/v (Tomiyama Pure Chemical Industries) and a polypropylene separator (3501; Celgard) against a lithium metal anode (Honjo Metal Co.). All cells were assembled in an Ar-filled glove box (dew point < ¹80°C). The obtained powders were characterized using powder XRD (Rigaku TTRIII; 50 kV and 300 mA, CuKA radiation). The compositions of the products were determined using atomic adsorption spectroscopy (AAS; Hitachi Z-2300) and inductively coupled plasma-atomic emission spectroscopy (ICP-AES; PerkinElmer Optima 8300). In both cases, the powder was first dissolved in a mixture of 30 wt% H 2 O 2 and conc. HCl. Mn K-edge X-ray absorption spectra were obtained using an electrochemical cell 12 for in-situ XANES measurements. The in-situ XANES spectra of the Mn K-edge were obtained using synchrotron radiation on the BL11 beamline at the Saga Light Source using a Si(111) double crystal monochromator. 13 Figure 1 Figures 4(a) and 4(b) respectively show the in-situ XANES spectra of the Mn K-edge region during the initial charge process and the initial charge curves obtained in the electrochemical cell at a rate of 8 mA g
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. Figure 4(b) shows the sampling point of the XANES spectra by different colors corresponding to Fig. 4(a) . In addition, Fig. 4(c) Figure 5 shows the XRD profiles of the Li 2 MnTiO 4 cathode pellets at the initial state, the charged state to 4.3 V, the charge endpoint at 4.7 V, and the discharge endpoint at 2.0 V after the initial charge. All peak positions were shifted to a higher 2H angle after the charge process from the initial peak position, and returned to almost the initial position after the first charge/discharge cycle. In addition, no impurity phases were observed in the XRD (Fig. 7(b) ) were investigated at various rates from 7.5 mA g ¹1 (0.025 C rate) to 58 mA g ¹1 (0.2 C rate), independently. Electrochemistry, 84(8), 597-600 (2016) 
